PLANKTON studies, to be of direct application to fishery problems, should be of such a kind as to enable comparisons to be instituted between the :fluctuations in a fishery and those in the plankton itself. But the collection of data on such a scale raises a whole host of difficulties, not the least of these being the degree to which a single haul of a vertical net-a method with much to recommend it-can be considered to yield a representative ,sample.
In 1922 the late Sir William Herdman (1), using a Nansen net, showed, for the waters off the Isle of Man, that" . . . conclusions drawn from any one haul might be anything up to 50 per cent wrong in either direction." In 1925 Gardiner and Graham (2) described an experiment on the same lines, but using in this case a Petersen Young Fish Trawl, which net, they found, compared favourably with the so-called quantitative net employed by Herdman. But, in both cases, the fact emerged that the catches of successive hauls in the same limited area differed considerably from one another, the spread measured by the Standard Deviation being in the nature of ::i50% of the mean. In order to see whether this does represent a fair figure, two series of consecutive hauls made during 1926 have been examined. Both the collection of the material, and the subsequent enumeration were the work of Mr. R. E. Savage, to whom I am greatly indebted for permission to make use of them. My thanks are also due to Mr. Michael Graham and others of my colleagues at Lowestoft, and particularly to Mr. Edser of the Ministry's Statistical Section, to whom I am indebted for many helpful suggestions. The net used was the Inter-, national Net (3), of No.3 silk (60 meshesto the inch), fishedvertically by the Wollaston method (4).
In the first experiment 40 haul,s were made during the course of the night May 31st-June 1st, 1926, whilst drifting in an area centred on a position about 15 miles E.tN. from the Tyne (Lat., 55°5' N. ; f10their own vertical migrations, it would be unwarrantable to assume that the same population has been sampled throughout the course of either -experiment. Accordingly, to consider either series of experiments as a unit for subsequent statistical treatment would be to produce, in all probability, a false idea of the variation in numbers of individuals caught in successive hauls, and would tend unduly to lessen the degree upon which a single haul of a vertical net is to be relied. For this reason, then, although the full data for each experiment are given in Tables I and II, a certain proportion only has been utilised. The choice has been regulated as follows: No group of observations covers more than 1 hour; no hourly group comprises less than 5 observations; the observations within any group are not separated from one another by more than 12 minutes.
If Tables I and II are examined it will be seen that there are considerable variations in the catches of successive hauls, even where the time interval is short. The extent of this variation is most conveniently given by determining the mean number of individuals caught in groups of successive hauls, selected as above, and expressing the departure of each observation from this mean as a percentage deviation. These groups are shown in Tables I and II enclosed in brackets. The mean number of individuals captured in each group of observations has been called throughout the" group mean." In order readily to compare the extent of the variation within anyone group with that in another, the Average Deviation within each group has been calculated.
The selected data treated in this way are set out in Tables III and IV. It should be noted at this point that the whole of the variation between catches of successive hauls has apparently been assigned to the variability of the organisms themselves, and not to errors of the methodique. As will be seen later, this is in the main correct, the effect of such contributory errors as variations in the speed of hauling, the part played by light and darkness on the catching power of the net, and the magnitude of the enumeration error, being insufficient to account for the variation observed. The evidence in support of this is collected in an appendix, since by reason of its bulk it might otherwise appear to be the main burden of this paper.
By treating the data in such a way that the variations in the numbers of the more abundant species caught within periods of not more than one hour's duration are related to the mean of the period-the group meanthe observations are directly comparable one with another despite the fact that the density of population may be quite different. In this way, too, it may be possible to utilise observations from the two experiments as a unit for statistical treatment, if it can be shown that the degree of variation within the several groups is of about the same order of magnitude. Further, it may even be possible to consider all the species together. In order to answer these points, the averages of the deviation within each group have been collected together in Table V , and the values examined from the following points of view:
(a) Does anyone species exhibit throughout a greater tendency to vary than any other 1 (b) Is the degree of variability greater during anyone period 1 (c) Is the degree of variability more marked in either experiment 1 It does not appear that one species exhibits greater variability than another.
During the first period of the Second Experiment, however, the Average Deviations are all bigger than obtained during the course of the remainder. They only differ, however, to a very small extent from those obtaining during the course of the First Experiment. On this account, therefore, there would seem to be no grounds on which any group of observations can legitimately be excluded. Nor does it appear to be unreasonable to treat all the observations as a unit for statistical treatment.
The problem may now be considered as follows : We have 145 attempts to obtain a measure of populations whose true values are given to us by the mean number captured in from 5-8 consecutive hauls of a vertical net. That is to say, we have sampled the population below a small area of the sea surface a number of times by a uniform method, and have determined the amounts by which any single haul differs from the mean of 5-8 hauls. This mean is taken, faute de mieux, to represent the actual number of organisms present, and is, in all probability, a close approximation to it. The same result would have been obtained had a special cruise been made, where, instead of the usual single haul at each station, a number of hauls at close intervals of time were taken, and the mean number of individuals used to give the density of population at each station. In view of the variability which has been shown to exist between successive hauls it would probably be desirable always to make up to 5 hauls at each station visited, but to do so would be to reduce the number of stations that could be visited in the course of a routine cruise.
If, however, the chance of a single haul giving a value within so much of the mean canbe determinedby somesuchmethodas that describedabove, we are enabledto state, with somedegreeofcertainty, whetherthe resulting picture of the distribution of the plankton is more likely than not to be an accurate one. In the two experiments under discussion we have been enabled, by the method adopted, to determine what proportion of our 145 observations lie within any desired amount of the mean. The point that arises now is to decide what latitude shall be allowed. To place the standard too low, and to say, for instance, that only those hauls lying within :1::10%of the mean will be considered true values, is probably to aim at a degree of accuracy which, it is felt, is neither possible nor necessary. On the other hand, a standard placed at, say, :1::50%allows, perhaps, too much latitude, and accordingly it has been placed at 33%. That is to say, any values lying within plus or minus 33% of the mean (or true) value, will be considered as near the truth as is necessary, taking into consideration their mode of collection, enumeration, and the use to which they are put.
The number of observationslying within 10%,20%,33% of the mean and the number above this amount are set out in Table VI . It will be seen that of our 145 observations 112, that is 77 out of 100, lie within 33%plus or minus of the mean. Oftheremainder, 13 out of 33 are withi?-:1::40%. Thus, in the area where the two experiments were carried out, it is to be expected that, approximately, four out of every five hauls would give a value which for all practical purposes may be considered a true one. There is, however, the chance of getting values outside 33%, which may be termed extreme values, and, further, that such extreme values as :1:90% and even greater may be expected occasionally.
This result shows only limited agreement with that of Herdman (lac. cit.); and the question whether the degree of variability in the area where
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'. the experiments were performed is peculiar to the area must now be examined. In orderto do so, the results obtained from a routine plankton cruise have been examined. The cruise selected (Number 28) was made immediately on the completion of our second series of experiments, and extended from June 26th-29th, 1926. At each of the twenty-one stations a haul was made with the International Net (No. 3 Silk), fished vertically; horizontal hauls at 10-metre intervals from the surface to the bottom, with the same net, w€re taken at the eleven even-numbered stations, II, IV, VI, etc., and hauls of the Petersen Young Fish Trawl, fished obliquely for .30 minutes from (near) the bottom to the surface, were taken at the tell odd-numbered stations, III, V, VII, etc.
The position of the stations worked is shown in Figure 1 . It will be seen that they lie on four lines roughly parallel to the coast. The numbers of {)nespecies (Calanusfinmarchicus) per metre depth caught in the 21 hauls {)fthe vertical net are given in Table VII . Figure 1 , it will be seen that the numbers of Calanus increase as we go from south to north, reaching a maximum at Station VI. The species remains fairly abundant at Stations VII and VIII, but declines thence as we go again to the southward. Turning now at Station XIII, and running northwards further offshore, the numbers rise with one exception till Station XVIII is reached. Going south again from here, Station XIX, the second on our last line, shows large numbers of Calanus, but further south the numbers decreasesteadily. An attempt has been made to " contour" the distribution of the species (see Figo 1) , and it is obvious that Calanus is apparently moreabundant both near the coast and in the northernmost water of the area sampled. This is shown equally clearly by Figure 2 , which represents: the numbers per metre of Calanus at each station, the stations being arranged in numerical order.
The unbroken line represents the numbers of Calanus captured in 21 vertical hauls. This gives, of course, the same apparent distribution as our contour. The chance that this distribution is a true picture is considerably enhanced by the continuity, and it can scarcely be the result of sampling an approximately uniform population by an unreliable method, or due to the fortuitous operation of chance in a population with no rea] geographicaf distribution.
The dotted line in Figure 2 represents the catches of eleven series of horizontal hauls with the same net at the even-numbered stations. This curve follows that of the vertical hauls so closely as to leave very little,
room for doubt that the distribution is no more to be considered " apparent," but is a true picture. Further, very slight confirmation of this is given by the 10 hauls of the Petersen Young Fish Trawl at the odd-numbered stations. The mean number of Calanus taken in the 30-minute oblique haul was only 385, whereas the mean for the horizontal hauls with a net of mouth area considerably smaller was 7196, showing that by far the greater proportion of Calanus must pass through the meshes of the fish trawl. In general, the catches of Calanus with this net are so small as to be of little value, but. it is interesting to record that the biggest catch (2160) occurred at Station VII, which is in our area of greatest concentration. It may be claimed, then, for this one cruise, that the distribution of Calanus, as given to us by single hauls of a vertical net at each station, lends support to a belief that the degree of variability in the area sampled is about the same as that in the smaller area where the two experiments. were made.
The result of these two experiments, it will be recalled, was to show that only about 1/5th of the observations would give extreme values. Actually, on the cruise of .21 stations it is to be expected that 16 of the observed values would be within 33% of the truth, and that of the remaining 5 some would give values so far removed from it as completely to upset any attempt at contouring the observations. There are two such values at Stations X and XVI respectively. For both of these there is evidence from the horizontal hauls that the value is probably much too low (see Table VII ), and there is, accordingly, good reason to believe that the contour should stand, approximately as drawn, the two discordantly low values being omitted. It is interesting to record that the contours were drawn in the first instance without the information which was derived later from the horizontal hauls, the two discordant values being omitted in view of the positions at which they occurred and the good continuity shown by the remainder, and because of the knowledge that such very discordant values were to be expected in, probably, not more than 2-3 cases. The evidence provided later by the horizontal hauls. confirmed the omission of these two observations and tended materially to strengthen the belief in the criteria adopted.
In the course of examining the available information for this paper,. the geographical distribution of Temora on this same routine cruise, and of Calanus and Temora on a preceding cruise was determined. (These data will be available shortly in a paper by Savage (5) , and to save repetition are not reproduced here.) From a study of the contours produced, it would appear that the chance of approximately 4/5ths of the observations lying within 33% of the mean, and so providing values on which contours can be based, may be taken as a fairly safe guide.
We are now in a posibion to sum up both the results which have been obtained and their application to the question of the degree to which single hauls of a vertical net are reliable.
I. The distribution of the copepods Calanus, Temora, Pseudocalanus, and Paracalanus is such that consecutive vertical hauls of the International Net will not catch each time the same number of individuals. The greater proportion of any such hauls, however, will give values within ::1::33%of the mean (or true) value.
The actual proportion determined was 77 per 100, or approximately 4/5ths. Of the remaining 1/5th, nearly one-half will lie within ::1::40%of the mean, but extreme values up to ::1::90% and higher are to be expected.
II. The results of a routine plankton cruise during which 21 stations were worked in that part ofthe North Sea between 54°N. and 55°20' N., from near the coast to a line approximately 40 miles from it, suggest that probably no larger a proportion of extreme values obtains in this area, since the results can be contoured with the exception of 2 discordant values only.
III. The criteria which it is suggested should be adopted to enable the probability of accuracy of any distribution picture C\erivedfrom the use of single hauls of a vertical net to be gauged are (a) the continuity of the observations themselves, by which is meant the mutual support lent to each other by the observations at adjacent stations, and (b)the knowledge that, probably, no less than 4/5ths of the observations will lie within ::1::33%of the mean.
IV. I~appears that extreme values of ::1::50%and upwards of the mean are to be expected occasionally,-but probably not more often than once in ten, and on this account a single high or low value unsupported by similar values at adjacent stations is meaningless.
V. Where there is no continuity (see III (a) above) it must be taken to mean that the species itself has exhibited no clearly defined areapreference.
VI. Subject to the limitations of III and IV (above), the use of single vertical hauls to study the distribution of the plankton in both space and time may be expected to give reliable results. IN this appendix it is proposed to examine those sources of error of the methodique to which the observed variations may be due. The main sources of error will be ;-1. Variations in the speed at which the net was hauled through the water. 2. The effect of light and darkness on the catch of the net. 3. The enumeration error.
Other, minor, sources of error are :-4. Losses due to insufficient washing of the net, accidents in bottling the sample, etc. 5. Mistakes in identification during enumeration.
The two last-named may safely be considered unimportant, but the effects of the first three may have been considerable, and it is with these that this section will deal.
1. Speedof Hauling. Robert (6) working in fresh water with a FUhrmann Net, No. 20 silk, showed that the numbers of certain zoo-and phyto-planktons captured were directly proportional to the speed at which the net was fished. In both our experiments the speed varied between successive hauls, and it is desirable to see the effect of this, if any, on the catches. In the second series, owing presumably to the stronger wind resulting in the vessel drifting more during the haul, the mean time the net took to pass through 1 metre of water was slightly longer than in the first (2,1 seconds per metre, and 1.8 seconds per metre respectively). This, coupled with the fact that the population had increased, does not allow us to treat the two experiments together, which would be desirable in view of the relatively small number of observations.
In the first series the time of hauling per metre varied from 1.1 to 2.7 seconds, with a Standard Deviation of :::!::0.306.In the second case, the speed was more uniform, the range being from 1.6 to 2.4 seconds per metre with a sigma of :::!::0.187.If a correlation exists between variations in the speed of hauling and in the numbers of individuals captured, it should appear in the first experiment, and it is this series that has been exaInined. The data selected for this purpose were the totals of the four dominant copepods, whose abundance in each of the 40 hauls of this series has been related to the speed (metres per second) at which each haul was made, and the coefficient of correlation (r) detennined. The value of r from these data was found to be inconsiderable, namely, -0.13. It is, accordingly, a legitimate conclusion that the variations in the numbers of organisms captured are due to some other cause than changes in the speed of hauling.
The EjJrxt of Light and Darkness on the Catch of the Net.
This question arises in view 01 the fact that there is some evidence that certain species are taken, even in vertical hauls, in greater numbers by night than by day. Whether this is due to the animals rising from those lowest layers which the vertical net does not sample, or whether, as. suggested by Southern and Gardiner (7), certain forms can see and avoid a net by day, -isoutside the scope of this paper. But there is a possibility that the night catches may have differed in amount from those by day. Had it not been necessary, for the reasons given on page 453, to consider only those differences in the size of catch of hauls closely related to one another in time, the effect of light and darkness might have been considerable. As it is, it is unlikely that great changes in level are to be expected in the course of the short interyals of time separating the hauls within each group, and for the same reason it is not to be expected that changes in light intensity would be sufficiently great to influence the reaction of the organism towards the net.
In the first experiment, the selected catches were all made in daylight (see Table I ). In the second experiment (Table II) the hauls of the first three groups were made at night, and those of the remaining two by day, the mean number of the selected copepods being as follows :-Apart from Temora, which is nearly 50% more abundant by day, the day and night means are to all purposes the same, and it is probably safe to assume that those species are not more abundant in hauls made at night, and that the possibility of this phenomenon vitiating our conclusions may thus be ignored.
The Enumeration Error.
It has long been recognised that a single sample withdrawn by means of a Hensen Stempel-pipette, and raised by the dilution factor, will not give the actual number of organisms present in the whole catch, and Hensen adopted a method of averagingto minimisethe discrepancy,videJenkins (8) . A large enumeration error might, of course, account for a great part of the differences that have been observed in the size of catches of successive nets, and, in order to gain an idea of the magnitude of the error when a single sample only is withdrawn for enumeration a series of test " counts" was made. One cubic centimetre was withdrawn, by means of a Hensen Stempel-pipette, 25 times from a stock sample of North Sea. plankton, diluted to 200 C.c. After each" count" the organisms were drained, replaced in the flask, and 1.0 C.c. of water run in from a burette. In this way the" population" was kept constant. The results of these 25 " counts" are set out in Table VIII . To get the total number of each species actually present in the sample the counts should be multiplied by the factor 200. To get a measure of the spread of this series of counts the Standard Deviations (a) have been calculated, after raising each count by the dilution factor of 200, for the three copepod species and for all the organisms present. These are set out in Table IX . The results cannot be considered altogether satisfactory, and the possibility that part, at least, of the variation in the size of catch may be due to the enumeration error cannot be ruled out. That the variation found is not due solely to this cause is demonatrated by the following table, where the variation in the numbers of Calanus captured in 25 hauls of the 38 consecutive hauls of the Second Experiment is compared with that of this series of 25 test counts. The 25 hauls in Table X , opposite, were selected from the total of 38 hauls of Table II , by dealing out the first 25 cards from a pack of 38 numbered 1-38, the choice being in this way unbiased.
It will be seen at once that the degree of variation in the numbers of Calanus caught in the 25 hauls, selected from the series of consecutive hauls of the Second Experiment, is much greater than that of the test counts. Further, it must be remembered that colmnn 5 shows the situation at its worst, for in both the actual experiments the factor, instead of 200, was usually 50, and the enumerated totals were based on an average of 2 (and sometimes more) separate counts. Turning again to Table IX . It may faIrly be claimed, m therefore, that although the enumeration error may be considerable, it is not sufficient to account for the differences observed in our two series of successive hauls.
SUMMARY.
In both the series of hauls made for the purpose of estimating the reliability of a single haul of the International Vertical Net, the possibility that the variation in the size of catch of successive hauls is due to errors of the methodique has been examined.
Errors due to variations in the speed of hauling, and to the effect of light and darkness on the catch of the net can be ruled out.
The enumeration error, even where the enumerated total rests on a single count, is insufficient to account for the major part of the variations found, and, having regard to the fact that such totals were derived from two, and sometimes more, separate" counts" from each sample, there is good reason to believe that the main cause of variation in the size of catch is to be sought elsewhere, the most likely being the lack of uniformity in the distribution of the organisms themselves. In the First Experiment (Table XI) all three of the selected spe,ciesrise or fall together in 19 out of 40 cases. These are shown in ordinary type. In 15 of these cases the amounts are below the respective means, and in 4 they are above. Taken by itself, this is not perhaps very impressive, but the probability that it does indicate a tendency for the three species to behave similarly is heightened by a study of the figures themselves, which in several cases are of the same order of magnitude.
In one case, however, haul 14 (Table XI) , the copepods Pseudo-and Paracalanus occurred in considerable numbers, whilst the numbers of Calanus and Temora showed a decrease, suggesting that here a definite aggregation of the species must have been sampled.
In the Second Experiment (Table XII) , the three copepods rise or fall together on 19 occasions out of 36. On 10 occasions they have all fallen and on 9 they have risen together. Here again, particularly in hauls 1-6, Table XII , where the three species are all relatively scarce, the probability that the species have behaved in the same way is heightened by the similarity of the deviations.
In this series there is no evidence of a mono-specific swarm.
In conclusion, it would probably be unwise to attach too great weight to these somewhat scanty data, but it would appear that mono-specific aggregations are only exceptionally encountered, and that the population sampled has maintained a relatively constant composition. LITERATURE CONSULTED.
